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(54) Title: FATTY ACID CONJUGATION AS A METHOD FOR SCREENING OF POTENTIALLY BIOACTIVE SUBSTANCES 

(57) Abstract: The present invention relates to a method for screening of compounds or molecules that undergo conjugation with 
fatty acids present in a mammal body, including humans, whereby a compound to be tested is brought into contact with a fally acid 
together with a tissue homogenate or an enzyme, whereupon any conjugation between the compound and any fatty acid present in 
said homogenate is determined with regard to presence of fatty acid amides, esters or thioesters, as well as a kit for conjugation of 
such compounds or molecules with fatty acids. 
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TITLE 

FATTY ACID CONJUGATION AS A METHOD FOR SCREENING OF 
POTENTIALLY BIOACTIVE SUBSTANCES 

5 DESCRIPTION 

Field of invention 

Method for screening of compounds or molecules that undergo conjugation with fatty acids 
present in a mammal body, including humans, as well as a kit for fatty acid conjugation of 
such compounds. 

10 

Background of invention 

High throughput screening (HIS) of compound libraries allows the testing of large numbers 
of substances for biological activity. Despite this novel strategy for drug discovery, the 
number of "hits" remains relatively low. Due to problems related to bioavailability, toxicity 

15 and drug synthesis, most drug discovery programs in the pharmaceutical industry focus on 
compounds with low molecular weight. It is also known that substances may undergo 
extensive metabolic transformation in vivo to bioactive molecules. Such enzymatic 
bioactivation may involve oxidation, hydrolysis and conjugation of the parent molecule, or 
combinations of these reactions. It is therefore possible that many compounds showing no or 

20 little activity in HTS assays and therefore discarded would have been effective when given 
to whole animals due to metabolic conversion to bioactive molecules. Methods to predict 
such biotransformation and to systematically synthesize potential bioactive drug metabolites 
would be of great value to increase the number of hits in HTS assays. 

25 Summary of the invention 

Paracetamol (acetaminophenol) is a frequently used antipyretic and analgesic agent, which 
differs from most non-steroidal anti-inflammatory drugs (NS ABDs) in that it is a weak anti- 
inflammatory agent and does not produce the typical side effects related to cyclo-oxygenase 
(COX) inhibition (7, 15). Although acetaminophen was introduced into clinical medicine 

30 more than a century ago, its mechanism of action is still unknown. A selective inhibition of 
prostaglandin synthesis in brain, consistent with a central site of action of acetaminophen (3, 
18), has been proposed (12). However, acetaminophen is a very weak inhibitor of isolated 
COX (Fig. 1), and there are now clear indications that the analgesic effects of 
acetaminophen involve molecular targets distinct from COX (1, 14, 20). 
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Much interest has been focused on vanilloid (VR1) and cannabinoid (CB1 and CB2) 
receptors as drug targets for treatment of pain and inflammation (22, 23). Both vanilloid and 
cannabinoid receptors are present in the pain and thermoregulatory pathways and mediate 
analgesia and hypothermia, and they also display an overlap in ligand recognition properties 
(21-24). Others and we have recently reported that the fatty acid amide AM404 is a potent 
activator of rat (Fig. 2) and human vanilloid receptors (21, 27). AM404 is also a ligand at 
cannabinoid receptors and an inhibitor of the anandamide transporter, the inhibition of 
which leads to increased levels of endogenous cannabinoids (4, 24). As shown here, AM404 
and structurally related fatty acid derivatives inhibit both COX-1 and COX-2 (Fig. 1). Thus, 
it is not surprising that AM404 has antinociceptive properties and potentiates the analgesic 
effect of anandamide in the mouse hot plate test (4, 6). Arachidonoyldopamine and oleyl 
vanillylamide (olvanil), other members of an increasing group of fatty acid amides acting on 
both vanilloid receptors and the endogenous cannabinoid system (24), have analgesic and 
anti-inflammatory effects and influence body temperature in a variety of in vivo assays (5, 
16). 

The endogenous fatty acid amide anandamide (arachidonoylethanolamide), which is an 
agonist at cannabinoid (22) and vanilloid (28) receptors, is hydrolysed to arachidonic acid 
and ethanolamine by a fatty acid amide hydrolase (FAAH) (9, 10). This enzyme may also 
act in the reverse direction, causing synthesis of anandamide from arachidonic acid and 
ethanolamine (10). The structures of acetaminophen and AM404 differ only with regard to 
the length of the hydrocarbon chain. We have shown that acetaminophen, following 
deacetylation to its primary amine p-aminophenol, is conjugated with arachidonic acid to 
form AM404 (Fig. 3, 4 and 5). Our discovery of AM404 as a metabolite of acetaminophen 
produced locally in the central nervous system provides an explanation for the mechanism 
of action of this widely consumed analgesic and antipyretic agent. Other primary amines, 
such as dopamine and serotonin, are also conjugated with arachidonic acid to form their 
respective arachidonoylderivatives (Fig. 6), indicating that this biochemical pathway 
represents a general mechanism for biotransformation of primary amines into fatty acid 
amides. 

An important implication of our discovery is that substances having little or no activity in 
screening assays in vitro may undergo biotransformation in vivo to active fatty acid 
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derivatives. Fatty acid conjugation may, thus, be an important mechanism for bioactivation 
of low molecular weight compounds. 

In a first aspect, the invention provides a method for screening for compounds or molecules 
5 that undergo conjugation with fatty acids in the mammal body, including humans. The 
method can further be used for testing whether a compound or molecule has the ability to 
undergo such a conjugation. In embodiment, tissue homogenate, preferably of liver or brain, 
or an enzyme, preferably an esterase or amidase, including fatty acid amide hydrolase 
(FAAH), or a mixture of enzymes is provided in a kit. The homogenate, enzyme or mixture 
10 of enzymes can be present in the kit as the sole component, or it can be present as part of a 
composition, alone or in combination with a fatty acid or a mixture of fatty acids, or other 
compounds, solutions or devices necessary or desirable for use of the kit 

Thus, the present invention relates to a method and a kit for carrying out the method, 
15 whereby the method for screening of compounds or molecules that undergo conjugation 
with fatty acids present in a mammal body, including humans, is characterized in that a 
compound to be tested is brought into contact with a fatty acid together with a tissue 
homogenate or an enzyme, whereupon any conjugation between the compound and any fatty 
acid present in said homogenate or enzyme solution is determined. 

20 

The determination is preferably made with regard to presence of fatty acid amides, esters or 
thioesters. 

The enzyme is preferably an esterase or an amidase, including fatty acid amide hydrolase. 

25 

The tissue homogenate is preferably a homogenate of liver and/or brain. 

The fatty acid amide, ester or thioester is preferably a derivative acting on the vanilloid 
receptor, the cyclo-oxygenases and/or the endocannabinoid system, including the 
30 cannabinoid receptors and the anandamide transporter. 

The fatty acid has typically a chain length of between 12 and 24 carbon atoms. 



The fatty acid is saturated or unsaturated, having between 1 and 5 double bonds. 
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Preferably, the fatty acid is a fatty acid present in the mammal body, including humans, 
whereby the fatty acid is preferably arachidonic acid, linolenic acid, linoleic acid, oleic acid, 
palmitoleic acid, lignoceric acid, behenic acid, arachidic acid, stearic acid, palmitic acid 
5 myristic acid and lauric acid. 

The fatty acid can also be a product of the cyclo-oxygenase, lipoxygenase and cytochrome 
P450 monoxygenase pathways, including prostaglandins, thromboxanes, leukotriens, 
lipoxins, and hydroxy-, epoxy- or hydroperoxyderivatives of eicosatetraenoic and 
10 eicosatrienoic acids. 

In another aspect, the invention provides a kit for conjugation of a compound or molecule 
with a fatty acid according to existing knowledge in the art of organic chemistry. The bond 
between the fatty acid and the compound or molecule can be an amide, ester or thioester 

15 bond. The synthesis of such fatty acid derivatives can be carried out following known 

procedures, such as those described in refs 8, 13, 17 and 25. In embodiment, the kit contains 
an enzyme, preferably FAAH, or a mixture of enzymes, a fatty acid or a mixture of fatty 
acids, or a combination of these. Alternatively, the kit can contain modified or activated 
fatty acids or enzymes, according to existing knowledge in the arts of organic and 

20 combinatorial chemistry, to provide optimal substrates or conditions for the conjugation 
reaction to occur. 

The enzyme(s), fatty acid(s) or modified fatty acid(s) can be present in the kit as the sole 
component, or it can be present as part of a composition, alone or in combination with other 

25 compounds, enzymes, solutions or devices necessary or desirable for use of the kit. The 

enzyme(s), fatty acid(s) or modified fatty acid(s) can be present as dry substance, solution or 
attached to a suitable solid phase or polymer. For example, the fatty acid can be converted to 
a fatty acid chloride and anchored to a polymer to form an activated ester using known 
procedures, such as those described in refs 8 and 13. The fatty acid derivatives produced by 

30 the kit can subsequently be tested in screening assays to determine their biological activity. 



The kit for conjugation of a compound or molecule with a fatty acid to yield a fatty acid 
amide, ester or thioester comprises a fatty acid together with at least one conjugation 
promoting substance, or a modified (activated) fatty acid. 
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The promoting substance can be a chemical reagent and/or an enzyme, preferably an 
esterase and/or an amidase, including fatty acid amide hydrolase. 

5 The fatty acid or modified fatty acid has typically a chain length of between 12 and 24 
carbon atoms. 

The fatty acid or modified fatty acid is saturated or unsaturated, having between 1 and 5 
double bonds. 

10 

Preferably, the fatty acid is a fatty acid present in the mammal body, including humans, 
whereby the fatty acid is preferably arachidonic acid, linolenic acid, linoleic acid, oleic acid, 
palmitoleic acid, lignoceric acid, behenic acid, arachidic acid, stearic acid, palmitic acid 
myristic acid and lauric acid. 

15 

The fatty acid can also be a product of the cyclo-oxygenase, lipoxygenase and cytochrome 
P450 monoxygenase pathways, including prostaglandins, thromboxanes, leukotriens, 
lipoxins, and hydroxy-, epoxy- orhydroperoxyderivatives of eicosatetraenoic and 
eicosatrienoic acids. 

20 

In the kit the enzyme, fatty acids or modified fatty acids are bound to a solid phase or 
present in a solution. 

Hie fatty acid amide, ester or thioester is preferably a derivative acting on the vanilloid 
25 receptor, the cyclo-oxygenases and/or the endocannabinoid system, including the 
cannabinoid receptors and the anandamide transporter. 

Legends to figures 

Figure 1. a, No effect of acetaminophen (AcAP) and^p-aminophenol (AP) on COX-1 and 
30 COX-2 activity in isolated enzyme preparations (n = 4-5). b, AM404 concentration- 
dependendy inhibited both COX-1 and COX-2 activity. Indomethacin (10 /iM) and the 
COX-2 selective inhibitor NS-398 (10 fM) almost abolished COX-1 (6 ± 0.4%, n = 4) and 
COX-2 (11 ± 2%, n = 6) activity, respectively (not shown). COX-1 and/or COX-2 were 
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also inhibited by the fatty acid derivatives arvanil (97% and 95%), arachidonoyldopamine 
(96% and 93%), arachidonoyl-3-methoxytyramine (94% and 77%), arachidonoylserotonin 
(71% and 2%), olvanil (97% and 93%), anandamide (14% and 44%) and 2- 
arachidonoylglycerol (11% and 67%), respectively (10 jiM each; duplicate measurements). 
COX activity was measured as prostaglandin formation in the presence of 10 fM 
arachidonic acid. 

Figure 2. Acetaminophen and jp-aminophenol, in contrast to AM404, do not act on native 
vanilloid receptors in rat isolated mesenteric arteries, a, Representative traces showing no 
response to acetaminophen (AcAP) or />-aminophenol (AP) in arterial segments contracted 
with phenylephrine (n = 5). Capsaicin (CAP) always relaxed these arteries (pEC 50 = 8.36 ± 
0.05, n = 5). Dashed line indicates the basal tension level before addition of drugs, b, 
Concentration-response curves for capsaicin in arterial segments contracted with 
phenylephrine after treatment with 1 mM acetaminophen (triangles), 100 pM p- 
aminophenol (squares) or vehicle (circles) for 30 min (n = 5). c, AM404 is a potent 
vasodilator (open circles) of arterial segments contracted with phenylephrine (pEC 50 = 7.80 
± 0.01, n = 1 1). The action of AM404 is inhibited by the competitive vanilloid receptor 
antagonist capsazepine (3 yM; filled circles; n = 5) and the non-competitive vanilloid 
receptor antagonist ruthenium red (1 |llM; diamonds; n = 4). AM404 was unable to relax 
arteries pre-treated with capsaicin (1 \iM) for 30 min (n = 4; not shown) to cause vanilloid 
receptor desensitisation and/or depletion of sensory neuropeptides (49). Broken line 
(triangles) shows the relaxant effect of "endogenous" AM404 from rat homogenates 
incubated with ^p-aminophenol (mean of 4 arterial segments from the same rat). 
"Endogenous" AM404 was purified using LC and quantified by LC/MS-MS as described. 
Tension traces show relaxant responses to increasing concentrations of exogenous (upper 
trace) and "endogenous" (lower trace) AM404. 

Figure 3. Acetaminophen is metabolised to the primary amine ^-aminophenol, which is 
further conjugated with arachidonic acid to form the bioactive fatty acid amide N-(4- 
hydroxyphenyl)-5,8,ll,14-eicosatetraenamide(AM404). 

Figure 4. Formation of AM404 and p-aminophenol in rat after intraperitoneal injection of 
acetaminophen (30 - 300 mg kg" 1 ) and its inhibition by PMSF (10 mg kg" 1 ). a,b, 
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Representative chromatograms of samples obtained from rat brains showing (a) the presence 
of AM404 (23.4 pmol g 1 ) in an animal treated with acetaminophen and (b) no AM404 in an 
animal injected with vehicle. The tandem mass spectrometer was operated to select the 
protonated molecular ion of AM404 at m/z 396.1 in the first quadruple mass separator, while 
the mass fragment at 109.8 after fragmentation in the collision cell (corresponding to the 
protonatedp-aminophenol fragment) was selected by the second quadruple. c,d, 
Identification of AM404 and /?-aminophenol in various tissues obtained from rats after 
exposure to acetaminophen or vehicle for 20 min in vivo (n = 4 - 5; *P<0.016 compared to 
vehicle). e,f, Quantification of AM404 and ^-aminophenol in brain after administration of 
different doses of acetaminophen (n = 6 - 10). g, PMSF abolishes the formation of AM404 
(filled bars) but only partly inhibits the formation of /?-aminophenol (non-filled bars) in 
brain after administration of acetaminophen (n = 5). 

Figure 5. The formation of AM404 in rat brain homogenates is dependent onp- 
aminophenol and is sensitive to .the enzyme inhibitor PMSF. a, /7-Aminophenol (10 |jM; 
circles), but neither acetaminophen (100 jiM; triangles) nor vehicle (not shown), causes a 
production of AM404 in brain homogenates (n = 4). b, Formation of ^p-aminophenol from 
acetaminophen (100 pM) was detected in liver (circles), but not in brain (triangles) 
homogenates (n = 4). No/?-aminophenol could be detected in homogenates incubated with 
vehicle (n = 4). c, d, Brain homogenates were incubated for 1 hour with either p- 
aminophenol plus arachidonic acid (each 100 fiM) to generate AM404 or [ 2 Hs]-anandamide 
(10 pM) to study its hydrolysis. Pie-incubation for 1 hour with PMSF inhibits (c) AM404 
production and (d) [ 2 Hg]-anandamide hydrolysis, measured as t 2 Hs]-arachidonic acid 
formation (n = 4). 

Figure 6. The formation of arachidonoyldopamine and arachidonoylserotonin in rat brain 
homogenates is sensitive to the enzyme inhibitor PMSF. Homogenates were incubated with 
arachidonic acid (AA; 100 |xM) alone or combined with (a) dopamine PA; 100 \*M) or (b) 
serotonin (5-HT; 100 pM) for 1 hour (n = 3). The production of arachidonoyldopamine and 
arachidonoylserotonin was inhibited by PMSF (100 fiM), but not by its ethanol vehicle 
(EtOH; 0.1%), added to homogenates 1 hour before the addition of arachidonic acid (in 
ethanol 0.1%) plus either dopamine or serotonin (n = 3). 
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Figure 7. Vanilloid receptor-dependent vasodilator action of different arachidonoyl 
derivatives in rat isolated mesenteric in arterial segments contracted with phenylephrine. 
Concentration-response curves for (a) 1-arachidonoylglycerol (1-AG) and (b) 2- 
arachidonoylglycerol (2-AG) in the absence (filled circles) and presence (filled triangles) of 
5 the competitive vanilloid receptor antagonist capsazepine (1 jaM). The 3-methoxytyramine 
(circles), dopamine (triangles) and tyramine (squares) derivatives of arachidonic acid also 
induced concentration-dependent relaxation (c). None of the agonists elicited a relaxation 
after pre-treatment with 10 capsaicin for 30 min (open symbols) to cause vanilloid 
receptor desensitisation and/or depletion of sensory neuropeptides (49). 

10 

Experimental part 

The invention will now be described in more detail with reference to specific examples of 
the invention, which are not intended to be, and should not be construed as, limiting the 
scope of the invention in any way. 

15 

Materials and methods 

Synthesis. The compounds of the present invention were synthesised in accordance with 
common practise, whereby the starting materials were synthesised as well, or were bought in 
bulk from common suppliers of organic chemicals. 

20 

In vivo experiments. Acetaminophen (30, 100 or 300 mg kg" 1 ) or vehicle (saline) at a 
volume of 2 - 3 ml was given to female Wistar-Hannover rats (200 - 300 g) by an 
intraperitoneal injection. Some rats were pretreated with PMSF (10 mg kg" 1 ) or vehicle 
(saline:PEG 6000; 1:10 w/w) given subcutaneously (2 - 3 ml) 20 min before administration 

25 of acetaminophen. Approximately 20 min after injection of acetaminophen, the animals 
were killed to collect brain, liver, spinal cord and arterial blood The tissues were 
homogenised in a Tris buffer (10 mM, pH 7.6) containing EDTA (1 mM). PMSF (0.1 mM) 
and ascorbic acid (0.3 mM) were also present in the Tris buffer and added to the blood 
samples to prevent degradation of fatty acid amides and p-aminophenol, respectively. 

30 Aliquots (200 ill) of blood and homogenates were precipitated with 1 ml ice-cold acetone, 
containing 1 ^M [ 2 H8l-iabelled anandamide as internal standard. The samples were kept on 
ice until the acetone phase was evaporated in vacuo. 
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Tissue homogenate experiments. The brain, liver, spinal cord and dorsal root ganglia from 
female Wistar-Hannover rats (250 g) were homogenised in a Tris buffer (10 mM, pH 7.6), 
containing EDTA (1 mM), to give 90 - 330 mg tissue ml" 1 . We carried out experiments in 
aliquots of 200 pi homogenate at 37°C as further explained in the text The reactions were 
5 stopped by adding 1 ml ice-cold acetone containing 1 /iM [ 2 Hs]-anandamide. The samples 
were kept on ice until the acetone phase was evaporated in vacuo. 

Quantitative analyses. TTie extraction residues were reconstituted in 100 pi methanol 
except for />-aminophenol, for which 100 /il 0.5% acetic acid was used. The quantitative 
10 analyses were performed using a Perkin Elmer 200 liquid chromatography system with 
autosampler (Applied Biosystems), coupled to an API 3000 tandem mass spectrometer 
(Applied Biosystems/MDS-SCIEX). All mobile phases were water-methanol gradients, 
containing 0.5% acetic acid, and the flow rate was 200 fxl mm 1 except for arachidonic acid 
where it was 400 fil min 1 . 

15 

AM404, arachidonoyldopamine, arachidonoylserotonin and anandamide. Sample 
aliquots of 5 fil were injected on a Genesis C 8 column (20 x 2.1 mm; Jones). Initially, the 
mobile flow was 25% water for 5.5 min. Then a linear gradient to 100% methanol was 
applied in 0.2 min and the mobile phase was kept at 100% methanol for 2.3 min, after which 

20 the column was reconditioned in 25% water for 2 min. The electrospray interface was 
operating in the positive ion mode at 370°C, the ion spray voltage was 4500 volts and the 
declustering potential was 40 volts. M/z 396.1/109.8 with a collision energy of 27 volts was 
used for the AM404 determinations. M/z 440.2/153.5 with a collision energy of 25 volts, 
m/z 463.2/159.6 with a collision energy of 39 volts and m/z 348.2/61.6 with a collision 

25 energy of 35 volts were used for arachidonoyldopamine, arachidonoylserotonin and native 
anandamide, respectively. M/z 356.4/62.2 with a collision energy of 35 volts was used for 
the internal standard [ 2 Hg] -labelled anandamide. 

/7-AminophenoL Sample aliquots of 2 pi were injected on a Genesis phenyl column (150 x 
30 2.1 mm; Jones). The mobile flow was initially 97% water for 2 min. Then a linear gradient 
to 100% methanol was applied in 1 min and the mobile phase was kept at 100% methanol 
for 2 min, after which the column was reconditioned in 97% water for 3 min. The 
electrospray ion source was set at 450°C and used in the positive ion mode. The ion spray 
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voltage and declustering potential were set to 4500 volts and 55 volts, respectively. M/z 
109.9/64.6 with a collision energy of 31 volts was used for the quantitative determinations. 

[ 2 Hs]-Arachidonic acid Sample aliquots of 5 \l\ were injected on a Genesis Ci 8 column (50 
5 x 2.1 mm; Jones). The HPLC was operated isocratically at 20% water and 80% methanol. 
The electrospray ion source was operating in the negative ion mode at 370°C, the ion spray 
voltage was -3000 volts and the declustering potential was -120 volts. M/z 310.8/267.0 with 
a collision energy of -22 volts was used for the quantitative determinations. 

10 COX-1 and COX-2 assays. COX-1 and COX-2 activity was determined in the presence of 
10 fiM arachidonic acid using a COX (ovine) inhibitor screening assay (Cayman). Drugs 
were incubated with the enzyme preparation 8 min before application of arachidonic acid. 
Prostaglandin formation was used as a measure of COX activity and quantified via enzyme 
immunoassay (EIA). 

15 

Recording of tension. Experiments were performed on mesenteric arteries from female 
Wistar-Hannover rats (250 g) as described (49). Briefly, the arteries were cut into ring 
segments and mounted in tissue baths, containing aerated physiological salt solution (5% 
C0 2 and 95% 0 2 ; 37°C; pH 7.4). Experiments carried out in the presence of N°-nitro-L- 
20 arginine (0.3 mM) and indomethacin (10 |iM) to eliminate any contribution of nitric oxide 
and cyclo-oxygenase products, respectively. We studied relaxant responses in preparations 
contracted with phenylephrine. When stable contractions were obtained, substances were 
added cumulatively to determine concentration-response relationships. 

25 Calculations and statistics. Data are presented as means ± S.E.M. (vertical lines in 

figures), and n indicates the number of animals unless otherwise stated. GraphPad Prism 3.0 
software was used for curve fitting (non-linear regressions) and calculations of pECso 
values. Mann-Whitney U-test or Student's t-test on log transformed values was used for 
statistical analysis. Statistical significance was accepted when P < 0.05. 

30 

Drugs, Acetaminophen, p-aminophenol, arachidonic acid, N G -nitro-L-arginine, ascorbic 
acid, dopamine, phenylephrine, PMSF (phenyl-methyl-sulphonylfluoride), ruthenium red, 
serotonin (all from Sigma) and indomethacin (Confortid, Dumex) were dissolved in and 
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diluted with distilled water. AM404 (A r ^4-hydroxyphenyl>5,8,ll,14-eicosatetraenamide), 
capsaicin, capsazepine (all from Tocris); 1-arachidonoylglycerol, 2-arachidonoylglycerol, 
[ 2 H8]-anandamide, [ 2 H8]-arachidonic acid, arachidonoylserotonin, NS-398 (all from 
Cayman); anandamide (Biomol); arachidonoyldopamine, aracMdonoyl-3-methoxytyramine 
and arachidonoyltyramine (Syntelec) were all dissolved in and diluted with ethanol. DMSO 
substituted ethanol as a solvent in the COX assays. The batch of acetaminophen contained 
no or less than 0.001% (w/w) of p-aminophenol as determined by LC/MS-MS. 

Example 1 

Fatty acid amides or esters as vanilloid receptor agonists. The vasodilator effects of 
AM404 and other fatty acid derivatives, capsaicin, acetaminophen and j^aminophenol in 
isolated segments of rat mesenteric arteries, a well-defined and very sensitive bioassay 
system of vanilloid receptor active drugs (49), were examined to assess their vanilloid 
receptor agonistic activity. As shown in Figs 2 and 7, AM404, capsaicin, 
arachidonoyldopamine, arachidonoyl-3-methoxytyramine, arachidonoyltyramine, 1- 
arachidonoylglycerol and 2-arachidonoylglycerol are all agonists at vanilloid receptors on 
vasodilator sensory nerves. Acetaminophen and p-aminophenol (in the presence of ascorbic 
acid to prevent its decomposition) neither induced vasorelaxation per se nor inhibited the 
effect of capsaicin in this bioassay system, indicating lack of agonist and antagonist actions 
on vanilloid receptors (Fig. 2). 

Example 2 

Fatty acid amides or esters as COX inhibitors. The effects of AM404, arvanil, 
arachidonoyldopamine, arachidonoyl-3-methoxytyramine, arachidonoylserotonin, olvanil, 
anandamide and 2-arachidonoylglycerol on COX-1 and COX-2 activity in isolated enzyme 
preparations were examined to assess their COX inhibitory activity. As shown in Fig. 1, 
these fatty acid derivatives inhibited COX-1 and/or COX-2 to various extents. 

Example 3 

Fatty acid conjugation of acetaminophen in vivo. Since the structures of acetaminophen 
and AM404 differs only with regard to the length of the hydrocarbon chain, we 
hypothesised that acetaminophen, following deacetylation to its metabolite p-aminophenol 
(32), is conjugated with arachidonic acid to form AM404 (Fig. 3). To test this proposal, we 
measured the levels of AM404 and p-aminophenol in various tissues of rat 20 min after 
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intraperitoneal injection of acetaminophen at a commonly used dose (300 mg/kg), which 
produces a robust analgesic effect in rodents (18, 22, 46). In all five animals exposed to 
acetaminophen, substantial levels of AM404 were observed in brain (15 ±1.6 pmol g" 1 ). 
AM404 could also be detected in the spinal cord in two out of five animals, but was absent 
5 in liver and blood (Fig. 4). /^-Aminophenol was present in all tissues (Fig. 4), of which the 
liver contained the highest levels (31 ± 3.2 nmol g' 1 ). The formation of AM404 from 
acetaminophen was dose-dependent as shown in brain (Fig. 4). Pre-treatment with the 
FAAH inhibitor PMSF abolished the formation of AM404 in brain, while the /?- 
aminophenol content was reduced by 48% (Fig. 4). AM404 and /^-aminophenol could not be 
10 detected in vehicle-treated animals (n = 4), whereas the levels of anandamide in the same 
samples of brain and spinal cord were 10 ± 0.5 pmol g" 1 and 7,0 ± 0.6 pmol g"\ respectively 
(n = 4). 

Example 4 

15 Fatty acid conjugation of acetaminophen and p- aminophenol in vitro. To further 

characterise the formation of AM404 and ^-aminophenol, homogenates of rat brain and liver 
were incubated with /7-aminophenol and acetaminophen for various time periods. Exposure 
to /?-aminophenol (10 pM) produced a time-dependent formation of AM404 in brain 
homogenates, whereas incubation with acetaminophen (100 jlM) did not result in any 

20 detectable levels of AM404 (Fig. 5a). Likewise, /^aminophenol could not be measured in 
brain homogenates incubated with acetaminophen (Fig. 5b). However, we cannot exclude 
that small but relevant amounts of /?-aminophenol is produced in brain, since significant 
amounts of AM404 (14 ± 2.6 pmol g" 1 , n= 4) was measured in brain homogenates incubated 
with a ten times higher concentration of acetaminophen (1 mM). Indeed, this amount of 

25 AM404 would correspond to a /7-aminophenol concentration below the detection limit of the 
assay. Substantial amounts of /^aminophenol could, however, be detected in liver 
homogenates incubated with acetaminophen (Fig. 5b). 

Since primary sensory nerves of dorsal root ganglia and connecting neurones in the spinal 
30 cord are potential cellular targets for analgesic drugs acting, directly or indirectly, on 
vanilloid and cannabinoid receptors (2, 36, 38), it was considered of interest to see if 
AM404 could be formed in these tissues. Indeed, formation of AM404 was demonstrated in 
homogenates of rat spinal cord (24 ± 2.2 pmol g"\ n = 4) and dorsal root ganglia (10 ±1.8 



WO 03/008632 



13 



PCT/SE02/01391 



pmol g'\ n = 4) incubated with p-aminophenol (10 jiM) for 1 hour. The level of AM404 was 
enhanced 6-fold when the homogenates were supplemented with arachidonic acid (100 \xM) 
and the /?-aminophenol concentration was increased 10 times (spinal cord: 161 ± 20 pmol g" 
*, n = 4; dorsal root ganglia: 62 + 1.5 pmol g" 1 , duplicate measurements of pooled 
5 homogenates from four animals). 

As further shown in rat brain homogenates, AM404 is formed via an enzyme-dependent 
process. First, AM404 could not be detected in homogenates boiled for 10 min before 
incubated with p-aminophenol (100 pM) and arachidonic acid (100 |LlM) for 1 hour (n = 4). 
10 Second, phenyl-methyl-sulphonylfluoride (PMSF), a broad-spectrum protease, esterase and 
amidase inhibitor (13), concentration-dependently inhibited the formation of AM404 with a 
pECso value of 5.41 ± 0.03 (n = 4; Fig. 5c). This compound also inhibited the hydrolysis of 
anandamide with a similar pECso value (5.28 ± 0.07, n = 4; Fig. 5d). 



15 Example 5 

Fatty acid conjugation of primary amines. We also tested whether the endogenous 
monoamines dopamine and serotonin could be converted to their respective 
arachidonoylderivatives. Incubation of brain homogenates with dopamine or serotonin led to 
the production of substantial amounts of arachidonoyldopamine and arachidonoylserotonin 
20 (Fig. 6). The enzyme inhibitor PMSF almost abolished the formation of these fatty acid 
amides (Fig. 6). Thus, not only ^-aminophenol, but also endogenous monoamines are 
enzymatically conjugated with arachidonic acid to form bioactive fatty acid amides. 



25 
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CLAIMS 17 

1. Method for screening of compounds or molecules that undergo conjugation with fatty 
acids present in a mammal body, including humans, characterized in that a compound to be 
tested is brought into contact with a fatty acid together with a tissue homogenate or an 

5 enzyme, whereupon any conjugation between the compound and any fatty acid present in 
said homogenate or enzyme solution is determined 

2. Method according to claim 1, wherein the determination is made with regard to presence 
of fatty acid amides, esters or thioesters. 

10 

3. Method according to claims 1-2, wherein the tissue homogenate is a homogenate of liver 
and/or brain. 

4. Method according to claims 1-2, wherein the enzyme is an esterase and/or an amidase, 
15 including fatty acid amide hydrolase. 

5. Method according to claims 1-4, wherein the fatty acid amide, ester or thioester is a 
derivative acting on the vanilloid receptor, the cyclo-oxygenases and/or the 
endocannabinoid system, including the cannabinoid receptors and the anandamide 

20 transporter. 

6. Method according to one or more of claims 1-4, wherein the fatty acid is a fatty acid 
present in the mammal body, including humans. 

25 7. Method according to claim 6, wherein the fatty acid has a chain length of between 12 and 
24 carbon atoms. 

8, Method according to claim 7, wherein the fatty acid is saturated or unsaturated, having 
between 1 and 5 double bonds. 

30 

9. Method according to claim 6, wherein the fatty acid is arachidonic acid, linolenic acid, 
linoleic acid, oleic acid, palmitoleic acid, lignoceric acid, behenic acid, arachidic acid, 
stearic acid, palmitic acid myristic acid and lauric acid. 
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10. Method according to claim 6, wherein the fatty acid is a product of the cyclo-oxygenase, 
lipoxygenase or cytochrome P450 monoxygenase pathways, including prostaglandins, 
thromboxanes, leukotriens, lipoxins, and hydroxy-, epoxy- or hydroperoxyderivatives of 
eicosatetraenoic and eicosatrienoic acids. 

1 1 . Kit for conjugation of a compound or molecule with a fatty acid to yield a fatty acid 
derivative, comprising a fatty acid together with a conjugation promoting substance, or a 
modified (activated) fatty acid. 

12. Kit according to claim 11, wherein the conjugation promoting substance is at least one 
enzyme. 

13. Kit according to claim 12, wherein the enzyme is an esterase and/or an amidase, 
including fatty acid amide hydrolase. 

14. Kit according to claim 11, wherein the fatty acid derivative is a derivative acting on the 
vanilloid receptor, the cyclo-oxygenases and/or the endocannabinoid system, including the 
cannabinoid receptors and the anandamide transporter. 

15. Kit according to one or more of claims 11-13, wherein the fatty acid has a chain length 
of between 12 and 24 carbon atoms. 

16. Kit according to claim 15, wherein the fatty acid is saturated or unsaturated, having 
between 1 and 5 double bonds. 

17. Kit according to claims 15-16, wherein the fatty acid is a fatty acid present in the 
mammal body, including humans. 

18. Kit according claim 17, wherein the fatty acid is arachidonic acid, linolenic acid, linoleic 
acid, oleic acid, palmitoleic acid, lignoceric acid, behenic acid, arachidic acid, stearic acid, 
palmitic acid myristic acid and lauric acid. 

19. Kit according to claim 17, wherein the fatty acid is a product of the cyclo-oxygenase, 
lipoxygenase and cytochrome P450 monoxygenase pathways, including prostaglandins, 
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thromboxanes, leukotriens, lipoxins, and hydroxy-, epoxy- or hydroperoxyderivatives of 
eicosatetraenoic and eicosatrienoic acids. 

20. Kit according to one or more of claims 11-19, wherein the enzyme, fatty acid or 
modified fatty acid is bound to a solid phase or present in a solution. 
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